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Growth and photosynthetic characteristics for pecan cultivars during

drought stress and recovery

YANG Biao, LIU Zhuangzhuang, PENG Fangren, CAO Fan, CHEN Tao, DENG Qiuju, CHEN Wenjing
(College of Forestry, Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: This study was to determine the changes of water status and photosynthetic characteristics in differ-
ent pecan cultivars during drought stress and recovery. Pecan cultivars ‘ Pawnee’ Mahan’  * Stuart’
‘Mohawk’  ‘Jinhua’  ‘Shaoxing’ and ‘Zhongshan 25’ were selected to consider indicators of photosyn-
thetic characteristics, chlorophyll, and water use efficiency (W ). Results showed that with prolonged drought,
net photosynthetic rate (P,), transpiration rate (7)), stomatal conductance (G,), relative water content (Ryc)
and chlorophyll content of all plants decreased. However, water use efficiency for all plants increased gradually
reaching a peak on day 17. After 3 d of watering, all these parameters showed signs of recovery. The fastest re-
covery rates were ‘Pawnee’ (P, had recovered 76.1% ) and ‘Mahan’ (P, had recovered 69.4% ). After water-
ing for 8 d, all tested parameters were restored to almost equivalent levels of the control (ck). Drought resis-
tance of different pecan cultivars was in the order of ‘Mahan’ > ‘Pawnee’ > ‘Shaoxing’” > ‘Zhong-
shan 25’ > ‘Jinhua’ > ‘Stuart’ > ‘Mohawk’. [Ch, 1 fig. 3 tab. 30 ref.]

Key words: non timber forest products (NTFP); pecan; drought and recovery; photosynthesis; water status
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— B, T 5 E B VDR Hippophae rhamnoides (/¥ G4 3058 W& ALY T R baBREME AR, 2591
AV RRIE SRS, A ZECTR R, WE T 2 aREN R, 3 FERMEY T
W, MR, KRR R G, TR MRS o7k, KBRS vk T 50 A 1 1
AR, SRR A A A A M AR B 2 AR IO 5 (ELAS W) AV ) ] — AR AR A ] i R, SRS K
EH M AEN B 2R, Bk, SHREYn PR MR E R A AR L, ok
1 #% Bk Carya illinoinensis X 4% 3 FE LRk . KiZdk, ZAPEE Juglandaceae 11 Z k)& Carya J51 T A,
JE 7 T 2 E R A YRR, BA R E IR, R llR DL RO R RINR R A e AR RN JHRE
FOR, BT A, R RERE), RRABEASKGELRFF . B, XTTRPhaxEyes s
B T R P AESE SR Malus domestica™, ¥t Cinnamomum camphora > F1V0 F S5 Rl i % 50
ST IR A R RS AR e, HL A AR A e S A R — SRR A e R T e Ll
Betkan A 1 AR AR e w o albr, DR FR 8 T R MK T, AR SE I AZ Bk o b A (R L K IR
B OCESEE R, PPN TR 2E S0, R SR, DU ST LA TE T R X A ) 2
2%,

1 5T &

1.1 #F#

HEA R R B R B RO R A 5 I A Bk a5 R (31° 52745"N, 119°09°06"E) , 435k ‘i e
‘Pawnee’ ‘%’ ‘Mahan’ ‘Hr&/R4$F’  ‘Stuart’ ‘RN TL’  ‘Mohawk’ ‘4:fE’  ‘Jinhua’ ‘%
2’ ‘Shaoxing’ ‘4f1l] 255 ‘Zhongshan 25 4§ 1 4F A I
1.2 REigit

2016 4% 3 JI g%, RS E g sh AT, BN RBIEAR SR F R 2l i, A T A ) LA B %
(26 em, FOEHMA34cem, FHEMAE28cem), -7 HEREY 8 ke, M N m(IEfA )m (B
WE ) m (R f 4 ) m (B 4 )=3:3:4:10, NS EFEAL, By Ik 1E % R Fe b Rk

2016 4 6 J1H), Frlg 28 O W R U 2R IR B R B8 AR st Mol K22 N A=, fR4F 2 - Ji 7 58
SRUEME, GEN 1 AH . BWE N TARESRE R 35 °C, MXHREE 75%, SGH 12 h-d”, Jt5Rh 560
pmol -m=-s7 o PR B (ck) ARG (T F Wi, ds)2 LB, 10 #- b2, X056 77 1k 58 R FELIX
o XMHRH TR 17: 00 5853 HEK ZIEARAKHE , 8 028 B4 8 8 38 [l 25 o lge gl g+
BT dJEREIERGOK . aTH 0Kk, 11K, 17 K, &KH 3K, KZKF 8 KA 9: 00-11: 00 Kt
FE, ARBUR R b B AR A 55 3~5 58 4l I 1) i 3 il i 00 7 A% 8 A o
1.3 EHRNE

FIJH 3K o3 A5 AR (SM-2, FEHifE, HhE) T8 K 17 00 Il & & 75 H 3 B & K & (CSW), T &
TREE =8 emo D2 M 7E I 50 i AT 5 APk = FHAR , TH B PR = AR X 1S R R AR AR R . R
FHXS HE K2 (%)= (R0 J5 Wk s — X BT R ) AR bk v 5 AR A X4 K 38 (%) = (I8 ) A2 — 1 6 i 3
1) M AR

IS5 UG BEALEBGRAT 4 k- g0 B, ME AR . AR E, A4 R SRS . HOE =
(AR T o /25 M T B o) o

FIH Ciras-2 i #5 X065 AL (PP-system, B [E) M EOGHA S8 DLLLEDEAOGIE, % A bk ER
73 %0 380 pmol -mol™, Jta% Jy 1 200 wmol -m=-s7 & HOL G H A (P, AL T (G.) 78 5 i
(T.), IWHEKBFHBRE(Ew), Ew=PJT.. WK, {5350 FrJe iy, JEORRrM Jrm . ff Bk
AR o SR R 12 0 2 2 2% 5T i 43 4 (waw) o AT CT-203 O it i AR (CID, - 56 ) 5 it AR,
BET 50 5E R T (mow) 5 5 RTA (As) s A=Y mowo BOR/N—S0 M ok, 10 sk ff
Ji i (mey) 3 BEJG IR TE2EK T, 24 h JF I, #8T/K 73 5 R HARL AN BT 6 () 5 & T 70 CHERS
24 hft 2= fE &, iE% THE (mow) o M A G KE (Crw), Crwv=(mp—mpw) | (mpyv—mipy2)x100% .
1.4 HiEAE

TS B0 38 1 SPSS 22.0 B4 k47 2R & O 22 40 #1 (one-way ANOVA), 5 i Duncan 7 (P<<0.05) ik
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T2 Em . RAFRERBGE, A ENETC AL Al AT 68 1 2R AT 28 B O o 0 T I 465 b 5 it 52 1
IEARSRBTHRE AR R (0)= (00 n—Xiin) o 7 BTG AR 5 T 5208 GO SR IS T A 08 . R(w)=
1= (i) Coin) o 1=1, 2, 3, -+, no e R(a) MR EPHEARAORIBAEL, » R —16bR i I E M,
Xin, 1 X 739 2705 00 5 48 5 1) B /MBI R AEL™

2 HR5p4

21 TEEREKENTH

TRISHAE], IS % B2 4 R B2 K iy 24.8% 1T 2 - R B A K e B T A AR B R
MW TR RIS 11 K, R4 T & KRN 13.4%, M4 B IR E Rk 45 17 K,
I 4P S KA 8.1%, FrMtki R, M, HBENE. X bk T KIS,
& 4 K Rl SO 2R BEOKF
2.2 FEmMEI A EHET L ZkmTHERKSEN

SR RRZHAR L, G 2 A R R R B R (P<<0.05), M2 TRIIME R mE K2 &
7 R/MEIE (A% BROCCHE Sh, IR AR KR R T AL (P<<0.05), Hf M A UK

R ik, CBEF &b SRAME, PR CBEF 40 WRANRE R R R
FORF(P<0.05), BRI, TRMWET, AR MR Mie . B RN, R
HEOR, DL A 5 X A [ 97 LLAZ G i o 2 A e 38 i AR (3R 1) 6

1 FEBETARER LEkAMERSFEHEWL

Table 1  Changes of growth characteristics in different pecan cultivars during drought stress and recovery phase

ditn Al SUSL W 5 18 K R % AR NG % Wy H5E bE/ %
‘e’ ck 26.48 + 1.63 a 16.58 + 0.62 a 48.13 £ 234 a 4161 £222 b
ds 16.50 £ 0.92 b 8.19 £ 0.54 b 4526 £ 1.62 a 5142 +3.82 a
fHpEe ck 27.19 + 1.58 a 9.47 + 037 a 4581 £ 1.63 a 3871 +223 b
ds 18.03 £ 091 b 9.16 + 0.55 a 4324 £ 142 a 49.10 £ 3.12 a
B R Ay ck 2313 +2.11 a 1452 + 032 a 39.71 +3.72 a 3741 + 291 a
ds 1734 £ 1.62 b 448 £ 0.38 b 30.83 + 131 b 3533 +2.63 a
CBIPLT ck 17.18 + 2.13 a 9.03 + 0.67 a 36.89 + 454 a 39.67 +4.12 a
ds 922 +0.72b 6.87 + 051 b 2921 £3.12 b 4321 £321 a
‘etp’ ck 2851 + 1.82 a 13.38 £ 0.66 a 4178 £ 1.71 a 3522 +292a
ds 1632 + 091 b 1155+ 032 a 3522 +192b 3741 +3.32 a
P ck 2829 + 198 a 11.86 £ 0.27 a 3731 +2.81 a 39.52 +524 b
ds 2261 +151b 9.65 + 021 a 3523 £3.63 a 46.18 £ 3.83 a
‘Bl 25 %5 ck 2472 + 031 a 1424 + 0.81 a 3491 £3.11 a 37.56 +3.22 a
ds 18.03 £ 0.27 b 6.87 +£0.17 b 34.62 £2.62 a 38.12 +4.23 a

Y] ok FoRX I ds FOR T R FFIAR/ING 7R R OR 28 57 13 (P<0.05)

23 FTEPEMEAMNAFDERT LZRRFHLEHTHF M

M2 WA WA T SEaREN I, Framkn P, T, GBI, EKa, Ird S8
BHKE o Al — SRR B GG S8R 22 S . TRPEa% 17 Xat, Fiails Gom T, &4 iE T
0, P ULKEIRAGME . SXFHAHEL, ‘BN A Wi EURE: Pk, 7 BIFRAR T 84.6% 1 79.8%,
R 0 3 o= T 3L At SRR (P<<0.05) 5 e R EHF S HMNEEART 56.7%F1 57.1% . 5 xR,
B MG, R 89.5%, i (e A CEE M Gy BIFRAR T 69.0%F1 79.4% . 5 X BEUAH H
BIPGE T A 86.6%, T CAxfET RN CEFE palBEAR T 67.2%H 71.6%. LiG kA, TREMNASMT
T, BEFE OSEREMZEmE/N, Hoe We; OB sz iR .

SOK 3 dJEITA RN R e G IR R A AR E W BT, Ko, e e CBE kA
PR EE, P, A& E O IR 76.1%, 69.4%F 67.7%., EK 8 dJ5, WAtttk P, K& =ik
XPHOKAF, o CEhEET CmPw e WIRE BXRER 95%L) F . e, BRSBTS,
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24 FEPpEMEAMAREZLZEMHHEIRESH. LHER, ANEKE
TERPrE MR B, BRI EURSE Ah, A AR i A R TR 0 O B R B IR BT
e, AR R A M AR R AE AR 22 5 (B 1) o TRIMES 11K, S AL,

M2 R PR E R (P<0.05). 55 17 K, ‘afe’
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R2 TEWEREXATARERTLERRMAGHEEN

i B R
Bl 25 57
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Table 2 Changes of photosynthetic characteristics in different pecan cultivars during drought stress and recovery phase

i i KA HOt A / (pmol -m?-s™)  ZE M %/ (mmol - m™-s™) AL FHE/ (mol-m-s™) 7K 43 F &2/ (mmol - mol ™)
0 d(ck) 1091 £ 0.92 a 6.24 £ 0.14 a 0.24 £ 0.03 a 1.75 £ 0.09 b
11d 7.52 £0.37b 420+ 0.21Db 0.13 £ 0.02 b 1.79 £ 0.16 b
‘e 17d 432 +£0.26 ¢ 1.69 £ 0.17 ¢ 0.07 £ 0.02 ¢ 251 £0.13 a
2k 3d 830+ 057b 3.57+042b 0.12+£0.01 b 232+022a
2k 8d 10.11 £ 0.32 a 6.25 £ 0.13 a 0.20 £ 0.01 a 1.60 = 0.09 b
0 d(ck) 1224 + 1.02 a 6.31 £ 0.56 a 0.22 +0.02 a 194 + 0.11 b
11d 833 +022b 444 + 045D 0.13£0.02b 1.90 +0.14 b
K 17d 525 +024 ¢ 1.79 £ 0.03 ¢ 0.06 = 0.01 ¢ 2.87 £0.15 a
ok 3d 829 +043 b 3.71 £ 0.23 be 0.12 £ 001 b 225 +0.10 a
2k 8d 11.66 £ 0.88 a 6.29 £ 0.11 a 0.19 £ 0.02 a 1.85+093 b
0 d(ck) 8.85+0.78 a 574 £ 0.12 a 0.15 £ 0.02 a 1.54 £ 0.11 a
11d 4.66 £ 0.27 b 296 + 0.18 b 0.09 £ 0.02 b 1.58 £ 0.15 a
HEREET 17 d 1.82 £ 0.16 ¢ 1.11 £ 0.36 ¢ 0.02 £ 0.01 ¢ 1.84 + 0.88 a
2K 3d 451 £0.26 b 4.04 £ 0.08 b 0.08 £ 0.01 b 1.09 £ 0.08 a
2Kk 8d 791 £ 049 a 5.63 £0.21 a 0.11 £ 0.02 a 141 £0.12 a
0 d(ck) 9.21 + 0.54 a 499 £ 0.13 a 0.13 +0.02 a 1.85+0.13 b
11d 547 +0.28 b 247 +0.35b 0.08 + 0.01 b 223 +021 a
B 17d 142 +0.13 ¢ 0.67 £ 0.25 ¢ 0.01 £ 0.01 ¢ 242 + 1.16 a
2K 3d 545 +029b 251 +£052b 0.07 £ 0.01 b 2.28 + 0.60 a
2K 8d 8.81 £ 0.16 a 489 +0.32a 0.09 + 0.01 be 1.8 1 0.15 b
0 d(ck) 11.78 £ 0.81 a 5.53 +0.31 a 0.20 +£ 0.01 a 213 +0.14 a
11d 871 +042b 326 +023b 0.15+0.01b 2.68 +0.22 a
= 17 d 450025 ¢ 1.81 +0.14 ¢ 0.06 = 0.02 ¢ 241 +£0.17 a
Hk3d 8.18 + 0.08 b 394 +0.11 b 0.07 £ 0.02 ¢ 2.08 + 0.16 a
ok 8d 11.21 £ 033 a 5.56 +0.32 a 0.15+0.03 b 2.02 £ 0.17 a
0 d(ck) 10.13 £ 0.71 a 5.65 +0.18 a 0.18 £ 0.02 a 1.77 £ 0.13 a
11d 6.70 + 040 b 338 +0.37b 0.11 £ 0.02 b 2.03 +0.34 a
7P 17 d 2.65 +0.31 ¢ 133 +0.18 ¢ 0.02 + 0.01 ¢ 2.04 +0.03 a
Kk 3d 595 +025b 344 +£032b 0.09 £ 0.01 b 1.73 £ 0.09 a
2K 8d 9.56 + 0.46 a 523 +0.16 a 0.12+0.01b 1.83 +0.11 a
0d(ck) 10.40 £ 0.69 a 5.46 + 046 a 0.15+0.02 a 1.92 £+ 023 b
11d 6.10 £ 0.18 b 3.04 £ 0.08 b 0.10 £ 0.02 b 2.02+0.15b
bl 255 17 d 3.00 = 0.18 ¢ 1.01 +0.14 ¢ 0.04 + 0.01 ¢ 3.01 £040 a
ok 3d 6.93 £ 043 b 2.71 £ 0.08 b 0.08 £ 0.01 b 2.55+0.18 a
2K 8 d 925 +0.13 a 523 +0.16 a 0.14 + 0.01 a 1.77 £ 0.11 b

Yl ck FoRX M RSN R /NG T 308 22 53 8 3% (P<<0.05).

CH4TI N
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AR 14.8%F1 15.4% . ZK 8 d 5, Widi Sl Crw Rl A ¥R 2R, (HHK T XS B
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Y P Z AR ARLE A E M ZS 3, PR A M PTSE EEr,  hk SR I00HE AR PN 19 B T
W E R Z R PR LA T 1 s, SRR pR B0 B AR R 0 R AR R AN — RO, K
BB, Hr R EEsR > XA R SA HESE I AR AS FR AR AT SRR sR B AT, 25 R AR TR AR B 55
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Figure 1 Changes of wq,, Ay and Cry in different pecan cultivars during drought stress and recovery
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Table 3 Subordinate function values of different pecan cultivars

hi b HOL G H AR AL EBBER R FIHRCR  MXK SR IR SRR R(w)
‘e’ 0.722 0.481 0.593 0.443 0.678 0.490 0.545 0.565
fEE 0.558 0.517 0.601 0.305 0.916 0.545 0.598 0.577
SRR 0.531 0.518 0.602 0.535 0.565 0.510 0.443 0.529
e 0.597 0.547 0.564 0.504 0.436 0.364 0.460 0.496
‘hde 0.601 0.495 0.580 0.357 0.591 0.580 0.541 0.535
AP 0.581 0.522 0.573 0.489 0.646 0.597 0.466 0.553
gl 25 45 0.559 0.530 0.557 0.388 0.837 0.382 0.610 0.552

3 b E54®

A i A X T A P A R, R PR TR M R T A B R BE T R 5 0 ] SRR A
TRPra et FY AR ZE I, Maa R, S EI IR B AR R R AR
KER TR, & 00 4 bk = A AR B 5 KT X R, [k AR oA R R R A B B R
Fioooh, HAMAME A AFERE MR, Hd e 59 WEha R e ERs, KT
Raafedt T ‘R O WARARLE, @it bS5 R AR NS, HY K SRR
KT EAIE RS A TR

T R KT 5 7K AR P 4 K S 2B BEOIRZS P R e, AT DAPEAR R [ 3k R AR P R AR, ©
AWFFEERN] . — B G R, A Amydalus commnis P RE%] Vitis vinifera® SE4E T 2N Cry FEIK . 4
e, FREAZMAT, R R KSR, MR LUK 6, RS KRR E AL, E
AR ER R KT TRMHAT, &SRB E N Crv 0T RE R PR S A 2540 56 52 1) SE )

KA ERHREEDARKREEANA ISR, TRERET, GG R EMYOLA R R mEm ik,
HR/NE e MY OCEE RS>, k5% Z LM Tamarix hohenackeri F1V) % Elaeagnus
angustifolia BT KB, W& T 2MA RN E, ZSARMADREEOLAER . BBdE, SIS E
PR TFRENGES TRIaER PR, Aoba R mABE R FREE AR, AR, TR
R, ORFEISE ISR G B WIRRAL, T TR, GRS, M Cuw BEIL, SBFRIES L
AR, A BN I Eve ZVEI ETHRES, JFE TR 17 d ik 8 m KOF o A 0 Al
Ey 142 &5 ] Re A it i s2 06 E AR ol S R AR Ak, SRR A AR YOG AV B W
HR R B S AR E DG A RE N BFIE R B, RIS LAk & b i 2 28 5 8 40 HfE 1 2 s e
YA A AR B A RIS, 5 KHOYERDI %8 ™0 1 6 ™S R W o8 45 5 — 20 M5 R A B2 1 552 Ml a6 5% o
W2 2 A A B, PR T IS R I AR A S B 2 T A B o ARAS RS R B A 2 AR EAT AR A
BEAKY, HAEEKERBETE, DN, T2 FERRR K1 Co MM SR TR, Ew
5 M6 B 1) 386 K AT AN [ 5 LU AZ Ak i B 17 % 5 e 19 e 5 TR A e

BIEEK P Rets i Z K, MuET xR, 5= MR, YR X
P& R AR R Bk 3dIE, MR CBEFET e WP IRER, BB TERGIKE T,
RETE Ar b AT AR, AL FIHALG R, AR RBE S, K 8dJE, S &I ISIrImE =85
X BEKSF 0 A S LA b s A K B R SR X 5 EOR [ B Al R A BE 22 S, S R
SRR T A SR, UL TR e, 55 HRIERS . REREEmZ B0 EE
AN, IR PR BT, SR G R R e LA B A R A5 T bR 3 A AR TR R IR, R —
(T S s T R, DK R AR ) A

i LTk, TR A A FEREFE IR SR A L KRS BOE A SR AR B, T
A AR RS A K AR R RBR, RERE, RAERREE, BETSESE, ERotaed
H B K G A R SE LAk AL R A TS AR A R R RE B KR o S8 s B AT R T, R [R5 1L A% Bk
Fhpt PR EUT S A > PR > g > Ml 255 > edfet > CHTERURER >
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